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Timing is essential in seasonally changing habitats. Survival and reproduction are enhanced through
precise adjustment to environmental conditions. Avian seasonal behaviour, that is, diverse activities
associated with reproduction, moult and migration, has an endogenous basis and is ultimately linked to
changes in environmental factors such as food supply. However, behaviour occurs in social contexts,
and interactions with conspeciﬁcs are intimately linked to seasonal activities. Time programmes set the
stage for social behaviour, which in turn ﬁne-tunes seasonal activities. We propose that avian schedules
are genuinely ‘sociable’: birds communicate seasonal behaviour by both intentional and inadvertent infor-
mation transfer and negotiate it in competitive and cooperative interactions. Studying the interplay be-
tween seasonal and social behaviour can add to our understanding of animal behaviour, including
mechanisms by which birds could cope with changing environmental conditions.
 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.Birds can undertake spectacular seasonal journeys; for
example, Arctic terns, Sterna paradisaea, almost circle the
globe each year (Alerstam 1990; Berthold 2001). Migra-
tions can be successful only if they coincide precisely
with favourable conditions, not only at target locations
but also at staging areas en route. Mistimed migration im-
poses high survival and ﬁtness costs, such as when birds
encounter severe weather conditions (e.g. James 1956;
Brown & Brown 2000) or ﬁnd reduced food resources at
staging sites (Moore et al. 1995; Baker et al. 2003). The
temporal precision of migratory birds has encouraged
studies of their timing skills for almost a millennium
(Gwinner & Helm 2003).
The need for accurate timing is not conﬁned to
migrants, however. Residents, such as great tits, Parus
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0003e3472/06/$30.00/0  2006 The Association for the Smajor, and blue tits, Cyanistes caeruleus, time their clutches
precisely to capitalize on the narrow peak in the availabil-
ity of their primary nestling food, caterpillars (e.g. Perrins
1970; Visser et al. 1998). Even slight mismatches between
breeding and food peak can impose measurable costs:
spring weather changes have unsettled the phase relation
between predictive daylength information and food peak,
thus imposing energetic and ﬁtness costs on tits (Visser
et al. 1998; Thomas et al. 2001). Although less extensively
studied, other annual events, notably moult, often also oc-
cur at precise times (e.g. Newton 1966; Stresemann & Stre-
semann 1967; Hahn et al. 1992; Jenni & Winkler 1994;
Siikama¨ki et al. 1994; Nilsson & Svensson 1996).
Seasonal activities take place in social contexts, and
social interactions are a crucial aspect of annual cycles.
Avian social behaviour, deﬁned as including all within-
species interactions, rarely remains constant over time.
Many species are solitary for part of the year, pair up for
breeding and ﬂock together for migration and wintering
(Rappole 1995; Greenberg & Salewski 2005). Such transi-
tions can be instantaneous: for example migratory species
often claim territories and try to attract mates immediately
upon arriving at the breeding grounds. Avian species
differ widely in the plasticity and timing of their social5
tudy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
ANIMAL BEHAVIOUR, 72, 2246behaviour. Reproductive ‘partnerships’ range from perma-
nent mate attendance to breeding partners that reunite for
only a few hours every year (Black 1996a, b). Similarly, ter-
ritorial behaviour differs in timing and extent between
species. Common stonechats, Saxicola torquatus, tolerate
conspeciﬁcs during migration, but otherwise defend pair
territories throughout the year (Ko¨nig et al. 2002; Urqu-
hart 2002); more sociable species are territorial for only
short periods of the year (e.g. red knots, Calidris canutus:
Whitﬁeld & Brade 1991). Highly social species, such as
waterfowl, vigorously defend nest sites and feeding areas
within a colony during the breeding season but may
favour kin with which they associate in complex social
interactions (Andersson & A˚hlund 2000; van der Jeugd
et al. 2002). The physiological basis for behavioural
change is often endogenously programmed, as evidenced
by annual ﬂuctuations in seasonal activities and related
key hormones (Gwinner 1986; Wingﬁeld & Marler 1988).
For example, aggression and plasma testosterone of young
African stonechats held in Germany rose spontaneously
when free-living conspeciﬁcs established territories (Ko¨nig
et al. 2002).
In this paper we aim to integrate research on timing and
social interactions. We ﬁrst discuss timing mechanisms
and social interactions from behavioural and evolutionary
perspectives. We propose that avian schedules are genu-
inely ‘sociable’: seasonal activities are inadvertently and
actively communicated and are often negotiated in con-
ﬂict and cooperation. We illustrate the interplay between
seasonal and social behaviour by selected examples
throughout the annual cycle. A more detailed yet still
incomplete review of literature is given in Table 1. We





Most organisms have evolved complex mechanisms to
meet the challenge to stay on time, as demonstrated by
chronobiology, the systematic study of ‘adaptations . to
cope with regular geophysical cycles’ (Dunlap et al. 2004,
page XVII). Birds have had a pioneering role as subjects in
research on timing, and we therefore focus on avian
annual cycles (for work on other taxa and timescales, see
Conradt & Roper 2003; Davidson & Menaker 2003;
DeCoursey 2004; Marques & Waterhouse 2004; Mistlberger
& Skene 2004). Observations under constant, favourable
conditions imply that birds have endogenous programmes
for initiating behaviour at the right time of year (e.g.
Naumann 1897e1905; Gwinner 1986, 1996; Berthold
2001). Birds can sustain endogenous programmes over
at least 10 years without external cues (Gwinner 1996).
These programmes provide the framework for the se-
quence, progress and expression of life cycle stages (Wing-
ﬁeld & Jacobs 1999). Their truly endogenous, circannual
nature is evidenced by period lengths that differ from
exactly one calendar year when birds are kept indoors(Gwinner 1986; Piersma 2002b). However, in nature, birds
usually synchronize with the external year in reference to
timing cues. Rowan (1926) showed the importance of
photoperiod, the annual change in daylength for seasonal
behaviour. Daylength has now been identiﬁed to provide
important ‘initial predictive information’ for timing of
numerous avian species (Hahn et al. 1992, 1997; Hau
et al. 1998; Wingﬁeld & Jacobs 1999). Within the ‘win-
dows’ set by endogenous programmes, schedules are inﬂu-
enced by other proximate factors (Gwinner 1999). Many
species adjust timing in response to temperature, weather
and food supply (e.g. Lack 1943, 1950, 1968; Perrins 1970;
Drent & Daan 1980; Bairlein & Gwinner 1994; Maney
et al. 1999; Piersma 2002a; Leitner et al. 2003). Seasonal
behaviour is also affected by the availability of commodi-
ties, such as nestboxes, which prime reproductive func-
tions (Gwinner et al. 2002; Wingﬁeld & Silverin 2002).
Comparatively little is known about the effects of social
interactions, however, with the possible exception of
sexual cycles (e.g. Lewis & Orcutt 1971; Gwinner 1986,
1999;Wingﬁeld &Marler 1988; Hahn et al. 1997; Goldmann
et al. 2004).
The way in which birds respond to temporal informa-
tion is inﬂuenced by their circannual programmes, which
function as ‘periodically changing dispositions to respond
to environmental cues’ (Gwinner 1999, page 2367). The
current phase of a bird’s circannual clock determines
how temporal information, for example daylength, is
interpreted. Thus, short days generally accelerate seasonal
activities in the autumn but delay schedules in spring (e.g.
Farner & Gwinner 1980; Hahn et al. 1992, 1997). In Fig. 1
we propose how environmental factors, including social
interactions, inﬂuence seasonal timing.
Interactions with Social Behaviour
Time programmes inﬂuence a bird’s social behaviour as
well as its receptiveness to conspeciﬁcs. In dark-eyed
juncos, Junco hyemalis, nocturnal restlessness (Zugun-
ruhe), an indicator of the urge to migrate, is obligatory
in the autumn but later depends on social and nutritional
conditions (Terrill 1987). Reproductive windows, once
opened, are ﬁne-tuned in behavioural interactions
(Fig. 1). For example, male song sparrows, Melospiza melo-
dia, were sexually active in response to steroid-implanted
females in spring and summer, but not in autumn (Run-
feldt & Wingﬁeld 1985; Wingﬁeld & Monk 1994). The
neuroendocrine regulation of social activities, such as sea-
sonal vocal communication, is, in many species, sensitive
to photoperiod. Daylength can affect male song, the neu-
ronal responses of conspeciﬁcs exposed to it, and even the
ability of birds to learn from a vocal tutor (e.g. Ball & Ber-
nard 1997; Whaling et al. 1998; Tramontin et al. 1999;
Ball & Bentley 2000; Del Negro et al. 2000). While endog-
enous time programmes provide the framework for social
behaviour, little is known about whether social interac-
tions can in turn phase-shift endogenous programmes
(Gwinner 1975, 1986, 1999; Goldmann et al. 2004).
Time programmes are greatly differentiated between
species and even populations (see below) to the seasonal
REVIEW 247O
 N









   

























































Figure 1. Conceptual model of seasonal timing in birds. The three concentric rings indicate annual changes in the social and physical environ-
ments (outermost ring), in the circannual programme (middle ring) and in overt seasonal behaviour such as migration, wintering, breeding
and moult (innermost ring). Social and environmental factors affect behaviour (black arrows) via circannual programmes, which provide the
framework for a seasonally correct response. Social interactions, such as competition for winter territories, can interact with environmental fac-
tors such as poor foraging conditions (bent black arrow). The behavioural response of a bird can create feedback effects (double-headed arrow)
by modifying its environmental and social situation (e.g. by continuing migration), which is then newly interpreted via circannual pro-
grammes. Eventually, movement of the circannual clock modifies behavioural responses. Inspired by Helms (1963).context. But schedules within a population are rarely
perfectly synchronized. Environmental factors do not act
uniformly on all members of a population and individuals
differ from each other. Individuals can be characterized by
their ‘state’, that is, the suite of factors determining
current behavioural decisions, including the ability to
carry out seasonal behaviour. Next to time programmes,
known factors include age, sex, condition, genetic back-
ground, experience and development, in interaction with
environmental conditions such as territory quality, food
abundance and social context (Newton 1989; Brown
1996; Houston & McNamara 1999; Carere et al. 2003;
West et al. 2003). For example, Sandberg (2003) tested
ﬂight directions of migratory passerines before they
crossed open ocean. A bird’s directional choice, crossing
the barrier or turning away from it, was related to its nutri-
tional condition, with knock-on effects on the migration
schedule. The exact timing of seasonal activities, in turn,
can have feedback effects on state, as shown for effects
of laying date on parents and offspring (Nilsson 1999;
Thomas et al. 2001). Consequences of temporal behaviour
can thereby be carried over across seasons (Houston &
McNamara 1999; West et al. 2003; Norris et al. 2004a).
Thus, reproductive timing can affect moult timing, which,
in turn, can inﬂuence subsequent laying date (e.g. Kempe-
naers 1995; Hemborg & Merila¨ 1998; Forstmeier et al.
2001). The fact that state both depends on season and af-
fects the ability to perform seasonal behaviour puts it at
the interface between endogenous disposition and
environment.BEHAVIOURAL AND EVOLUTIONARY CONTEXT
Forms of Social Information Transfer
Annual cycles of birds require delicate integration of
behaviours that all have to take place at the right time and
in the right space. Although closely linked, temporal and
spatial behaviour have been approached differently by
researchers. Whereas timing has been studied with an
emphasis on mechanisms, research on spatial behaviour
has focused on ecological and social contexts (e.g. Reed
et al. 1999; Giraldeau et al. 2002; Doligez et al. 2003;
Simons 2004). Insights concerning the contribution of
social information to spatial behaviour can also inspire
the study of temporal behaviour. Accordingly, some of
the information that an animal acquires becomes social
information (Danchin et al. 2004; Conradt & Roper
2005; Dall et al. 2005). Some information is provided in-
advertently, such as the place and time of breeding and
foraging. Birds also exchange information about endoge-
nous dispositions by vocalizations, plumage and orna-
ments (e.g. Piersma & Jukema 1993; Andersson 1994;
Piersma et al. 2001; Gil & Gahr 2002; Delhey et al.
2003). Mere observation of others thus provides temporal
cues. Activities, such as staging at a given site, may simply
be copied as a shortcut to seasonally correct behaviour
without costly trial-and-error learning, but at risk of com-
munal mistakes (Cavalli-Sforza & Feldmann 1981; Wagner
& Danchin 2003; Laland 2004). Mistakes can be reduced,
such as by information pooling in decision-making
ANIMAL BEHAVIOUR, 72, 2248processes (Conradt & Roper 2003, 2005; Simons 2004;
Chan 2005; Couzin et al. 2005) or by observing the perfor-
mance of others (‘public information’; Valone 1989;
Boulinier & Danchin 1997; but see Giraldeau et al.
2002). Birds actively seek out opportunities to collect pub-
lic information. Kittiwakes, Rissa tridactyla, for instance,
prospect for potential breeding sites at the time of richest
information on reproductive success (Boulinier et al.
1996) and some songbirds eavesdrop on disputes of their
neighbours (Naguib et al. 2004; Peake 2005). By acquiring
information from interactions of others, birds thus engage
in communication networks.
Active communication (signalling) of seasonal disposi-
tion involves complex systems of visual, vocal and
possibly olfactory cues (e.g. Lack 1968; Piersma et al.
1990; Gil & Gahr 2002; Hagelin et al. 2003; Bonnadonna
& Nevitt 2004). Song and plumage are used not only for
signalling in courtship and territorial display, but also
in wider social contexts, such as in ﬂocking species to
maintain cohesion or attract conspeciﬁcs (Brooke 1998;
Beauchamp & Heeb 2001; Chan 2005). Communication
processes can eventually lead to culture (Danchin et al.
2004; Galef 2004), for example about itineraries in socially
migrating birds (Sutherland 1998). Active communication
often entails ‘involved’ interactions, that is, targeted sig-
nalling in feedback processes. For instance, birds engage
in countersinging and can thereby de-escalate or escalate
territorial disputes (Gil & Gahr 2002; Beecher & Brenowitz
2005; Peake 2005). Similarly, mates often display court-
ship behaviour that stimulates breeding in feedback loops
(Brockway 1964, 1965; Lehrmann 1964).
Negotiating Schedules
A bird’s behaviour is based on its current disposition,
but by being directed at conspeciﬁcs, it elicits responses
from others, which in turn can affect the bird’s own
temporal behaviour (Fig. 1). Seasonal activities are thus
‘negotiated’ in decision-making processes and in social in-
teractions. In territorial disputes, for example, birds nego-
tiate ownership and thereby resources for ensuing life
cycle stages. Similarly, socially migrating birds communi-
cate their readiness to move on and thereby negotiate de-
parture time (e.g. Raveling 1969; Rees 1987; Piersma et al.
1990; Chan 2005; Conradt & Roper 2005).
Social interactions can theoretically affect seasonal
behaviour in different ways (Lewis & Orcutt 1971), as il-
lustrated for two birds in Fig. 2. The most frequently dis-
cussed social effect is synchronization (Fig. 2a) within
pairs and especially within large colonies, resulting from
information transfer and involved interaction. Interac-
tions can also be stimulating (Fig. 2b) or delaying without
erasing timing differences between individuals. In com-
petitive and agonistic interactions (Fig. 2c) successful birds
typically advance their schedules at the cost of those that
lose resources. In all cases, social interactions can contrib-
ute to seasonal timing when individuals differ from each
other in schedules and abilities, including information
and competitive advantage.
Cooperation and conﬂict generally have different
effects on schedules. Cooperative behaviour tends tosynchronize avian schedules (Fig. 2a, b). In the widest
sense, ﬂock and colony formation can represent coopera-
tive behaviours (Conradt & Roper 2003, 2005; Simons
2004). Some cooperative activities can involve kinship,
such as migratory ﬂight formation (Andersson & Wal-
lander 2004), lekking and communal breeding (Nakagawa
& Waas 2004). Caring for mates and offspring often has
a large effect on schedules. Social stimulation of breeding
has received much attention in the heydays of ethology
(e.g. Lorenz 1935; Tinbergen 1953), in the context of col-
oniality (Fraser Darling 1938; Lewis & Orcutt 1971) and
more recently in behavioural endocrinology (Wingﬁeld
1980; Wingﬁeld & Marler 1988). However, it can be difﬁ-
cult to exclude alternative interpretations of what appears
to be ‘social synchronization’. Individuals could be syn-
chronous because of a common response to environmen-
tal factors (Lewis & Orcutt 1971; Ims 1990), just as spatial
aggregations may be driven by commodity selection (i.e.
the choice of particular resources) rather than by social
beneﬁts (Danchin & Wagner 1997; Wagner et al. 2000;
Schjørring 2001; Doligez et al. 2003). Alternatively birds
could be synchronous because of a common genetic back-
ground and assortative mating with partners on similar
schedules (e.g. Rees 1987; Davis 1988; Bearhop et al.
2005). Song, display and sophisticated partnership rituals
(Croxall 1991; Black 1996a; Hall 2004) could serve either
purpose, that is, help to synchronize breeding cycles or
to select synchronous mates. Researchers have used differ-
ent approaches to determine social synchronization. For
example, researchers in classical ethology searched for spe-
cies-speciﬁc signalling (e.g. Lorenz 1935; Krebs & Davies
1987; Wachtmeister 2001). Circumstantial evidence for
social synchronization is provided by comparisons of syn-
chrony on different spatial scales, for example within and
between groups (e.g. Brown & Brown 1996; but see Lewis
& Orcutt 1971; Ims 1990). More direct evidence for social
stimulation comes from experimental approaches by
which cues or schedules were manipulated (see below).
In contrast, conﬂict, including competition, territorial-
ity and dominance hierarchies, tends to reduce synchrony
within a population (Fig. 2c). Although mostly studied in
the context of reproduction, conﬂict can be inﬂuential
throughout the year, for example to secure food and terri-
tories for winter (Wingﬁeld & Silverin 2002; Pravosudov
et al. 2003; Studds & Marra 2005). If resources such as
feeding and breeding opportunities are limited, primary
access is often determined in aggressive encounters. The
winners of encounters can carry out the most rewarding
seasonal behaviour and sometimes advance their sched-
ules (e.g. Rappole & Warner 1976; Rappole 1995; Moore
et al. 2003; O¨st et al. 2003; Studds & Marra 2005), whereas
the losers may suffer costs of defeat, including delays.
Such negotiations can be mediated by hormones: accord-
ing to the ‘challenge hypothesis’, territorial conﬂict
temporarily boosts testosterone in winners to secure
resources (Wingﬁeld et al. 1990; Gwinner et al. 2002).
However, the classiﬁcation of interactions into coopera-
tion or conﬂict is a generalization, because they some-
times co-occur, for example within families or between



















































































Figure 2. Schematic examples of social effects on overt seasonal behaviour. Two individuals (birds 1 and 2, indicated on upper and lower rows,
respectively) initially differ in seasonal schedule, indicated by black hands on the left-hand clocks. Numbers on the clock stand for the progress
of seasonal activities (e.g. 1200 indicates the onset of reproductive behaviour, such as arrival at the nest site). The schedule of bird 1 is ad-
vanced relative to bird 2, for example if bird 1 starts nest construction while bird 2 still explores for nest sites. After coming into contact,
they adjust their schedules (a, b, c: black hands show new schedule, grey hands show initial schedule). (a) The birds synchronize their seasonal
activities via a delay of bird 1 and an advance of bird 2. (b) The birds stimulate each other, for example by vocalizing, so that both advance their
schedules. (c) Effects of social conflict: after interacting, for example by territorial dispute, bird 2 greatly advances its seasonal behaviour at the
cost of bird 1, whose schedule is set back, for example by territory loss to bird 2. Synchrony between the birds increases in (a), remains constant
in (b) and decreases in (c).Costs and Benefits of Sociable Schedules
Time programmes are adaptations that help organisms
to cope with ﬂuctuating conditions. To be functional,
time programmes must evolve to adjust behaviour to local
conditions. Heritabilities suggest substantial potential for
the evolution of seasonal timing (Helm & Gwinner 1999,
2001; Merila¨ & Sheldon 2001; Pulido & Berthold 2003;
Sheldon et al. 2003; but see van der Jeugd & McCleery
2002). Evolutionary change could be accelerated by assor-
tative mating of birds with similar time programmes (Rees
1989; Gunnarsson et al. 2004; Bearhop et al. 2005).
Time programmes are responsive to environmental
conditions, so they are best understood in the framework
of reaction norm and threshold approaches (e.g. Ketterson
& Nolan 1983; van Noordwijk 1989; Rees 1989; Adriaen-
sen & Dhondt 1990; Dingle 1996; Pigliucci 2001; Gwinner
& Helm 2003; Chan 2005). Fine tuning of population
reaction norms has been found in several avian species.
Laying dates of blue tits and moult timing of several stone-
chat taxa (Saxicola spp.), for instance, were adjusted to
local environments by modiﬁed responses to daylength
(Silverin et al. 1993; Lambrechts et al. 1996; Helm et al.
2005). Ultimate factors in the evolution of schedules are
primarily food availability, climate and predation, but
social interactions also contribute (e.g. Lack 1943, 1950,
1968; Immelmann 1971). Territoriality, for example, is
thought to drive selection for early arrival at breeding
and wintering grounds, and possibly also selection for
early moult (e.g. Kalela 1954; Myers 1981; Ketterson &
Nolan 1983; Thompson 1991; Rappole 1995; Wingﬁeld
& Silverin 2002). The timing of conspicuous signalling
(e.g. seasonal song and breeding plumage) is presumably
affected by competition and sexual selection. Highbreeding synchrony in European starlings, Sturnus vulgaris,
correlated with a sharp decline in recruitment of late-
hatched young. Smith (2004) interpreted these patterns
as caused by beneﬁts of immediate ﬂock formation of syn-
chronously ﬂedged young.
Sociable schedules are also thought to be adjusted to life
history context. They should occur only when their
advantages outweigh disadvantages, apart from facilita-
tion that imposes no apparent costs (Fraser Darling 1938,
1952; Lewis & Orcutt 1971; Ims 1990; Brown & Brown
1996; Bruno et al. 2003). Social information use is thought
to convey selective beneﬁts of improved performance
(Danchin et al. 2004; Simons 2004; Conradt & Roper
2005; Couzin et al. 2005) and may save time spent on trial
and error (Boulinier & Danchin 1997). Possible costs in-
clude developing cognitive abilities, allocating time to col-
lect information and risking error and conﬂicting interests
(Alatalo et al. 1988; Reed et al. 1999; Gil & Gahr 2002; Gir-
aldeau et al. 2002; Ricklefs 2004). In colonial breeders, se-
lective advantages of reproductive synchronization are
thought to include mutual stimulation (Waas et al.
2000, 2005), localization of nestling food (Brown & Brown
1996) and reduced nest predation (Fraser Darling 1938;
Immelmann 1971). These beneﬁts depend on context.
Nest predation can select for both synchrony and asyn-
chrony of reproduction, depending on predator habits
and spatial structure (Ims 1990). Advantages of mutual
stimulation may be outweighed by negative density-de-
pendent effects, such as competition for nesting space
(e.g. van der Jeugd 2001; Pa¨rt & Doligez 2003). After
moult, synchronized departure of eared grebes, Podiceps
nigricollis (Jehl et al. 2003) causes hundreds of casualties
that result from mid-air collisions. Furthermore, sociable
schedules may impose synchronization costs (Conradt &
ANIMAL BEHAVIOUR, 72, 2250Roper 2003, 2005). Optimal schedules of individuals dif-
fer, and synchronization would then imply compromising
between individual best temporal solutions.
Conﬂict accrues costs to losers and winners. Defending
and advertising a territory exposes a bird to heightened
predation risk, reduces foraging time and is energetically
expensive (Gil & Gahr 2002; Ward et al. 2003; Dunn et al.
2004; Goymann & Wingﬁeld 2004a). Conﬂict should
therefore be favoured only when its advantages outweigh
disadvantages in reference to the behaviour of others (e.g.
Ketterson & Nolan 1983; Wingﬁeld et al. 2001; Hyman
2005). Seasonal change in social behaviour and in sensi-
tivity to social cues is expected to evolve when costs and
beneﬁts ﬂuctuate over time (DeCoursey 2004). Many fac-
tors known to modify the balance of costs and beneﬁts
indeed change with season, for example availability of
food and commodities, habitat characteristics, predation
risk and time constraints (Immelmann 1971; Alatalo
et al. 1988; Reed et al. 1999; Giraldeau et al. 2002; Wu &
Giraldeau 2005). Logically, the multitude of potentially se-
lective factors is paralleled by a large variation in sociable
schedules in birds.
INTERPLAY BETWEEN SEASONAL AND SOCIAL
BEHAVIOUR
Development
Social effects on schedules start with prenatal develop-
ment (e.g. Gonza´lez-Solı´s 2004). Social learning can be an
important determinant of behavioural transitions (West
et al. 2003; Galef 2004; Galef & Heyes 2004; Beecher &
Brenowitz 2005). For example, vocal development and
territorial behaviour in cowbirds, Molothrus ater, required
initialization by social stimuli (‘social gateways’; West
et al. 2003). Depending on social context, the cowbirds
developed along different trajectories with knock-on
effects on schedules. Their behaviour towards the next
generation was similar to their own upbringing, so devel-
opmental schedules and behavioural phenotypes were
culturally transmitted (Freeberg 1998; West et al. 2003).
Similarly, in some species the rate of development of
song and sexually mature behaviour is inﬂuenced by
feedback from same-sex tutors and opposite-sex audience
and by trial liaisons (e.g. Whaling et al. 1998; Smith et al.
2000; van der Jeugd & Blaakmeer 2001; Beecher & Breno-
witz 2005). Social interactions can also slow development.
Aggression presumably selects for delayed maturation, for
example of adult plumage (Thompson 1991; Berggren
et al. 2004). Competition between siblings counteracts
synchrony: by monopolizing resources and by overt ag-
gression, winners may accelerate their own growth while
slowing or terminating the development of siblings
(Starck & Ricklefs 1998).
Breeding
Birds acquire cues for breeding by watching and over-
hearing others (e.g. Brown & Brown 1996; West et al.
2003; Danchin et al. 2004; Galef 2004; Zentall 2004).Parasitic species are remarkably good at synchronizing
egg laying with their hosts (Forslund & Larsson 1995; An-
dersson & A˚hlund 2000; Davies 2000; Lyon 2003). Heter-
ospeciﬁc attraction to residents can guide settlement
decisions of some arriving migrants which gain ﬁtness
and advance laying date when they associate with resi-
dents (Forsman et al. 2002).
Conspeciﬁc information transfer is frequently achieved
by active signalling. Plumage of dichromatic species
advertises a readiness to breed (e.g. Jenni & Winkler
1994; Wingﬁeld & Silverin 2002) and is also involved in
signalling, for instance in courtship displays (e.g. Petrie
& Williams 1993). Seasonal vocalizations address compet-
itors, as well as potential mates, and convey differentiated
information (Gil & Gahr 2002; Baker 2004; Nelson & Soha
2004; Beecher & Brenowitz 2005; Peake 2005). Concerted
competitive displays, for instance in lekking species (Ho¨-
glund & Alatalo 1995), synchronize breeding although
these displays typically enable only a small proportion
of the males involved to reproduce. In such displays, syn-
chrony between males is crucial. Among cooperative
breeders, synchronization of reproductive behaviour is
differentiated. Whereas sexual behaviour is exercised
only by dominant individuals, parental care is also pro-
vided by helpers. Some evidence suggests that helpers
are fully synchronous with the dominant pair but are
kept from sexual behaviour by social mechanisms (Wing-
ﬁeld & Marler 1988; Ims 1990; Cockburn 1998; Wingﬁeld
& Silverin 2002; Baker 2004). Conspeciﬁc information
transfer between colonial birds can create a ‘culture’ of
timing. Well-known examples are communal ﬂight dis-
plays which presumably synchronize breeding (Fraser Dar-
ling 1938; Chapin 1954; Chapin & Wing 1959; Veen
1977; Ims 1990; Brown & Brown 1996). Some highly so-
cial species breed successfully only in the presence of con-
speciﬁcs (e.g. Brockway 1964, 1965; Wingﬁeld & Marler
1988). Mutual stimulation has been suggested to acceler-
ate preparations for breeding and facilitate it at unusual
times, even in the autumn (Hahn et al. 1997). Experimen-
tal application of social cues generally led to conspeciﬁc
stimulation (e.g. Ims 1990; Waas et al. 2000, 2005).
Waas et al. (2000) found additional, counteracting den-
sity-dependent effects in royal penguins, Eudyptes schegeli:
aggression increased in penguins exposed to playback of
conspeciﬁc calls.
Social beneﬁts of information transfer and population
synchrony possibly occur even in territorial species.
Although competitive interactions generally desynchron-
ize schedules, they can also stimulate conspeciﬁcs through
information and ‘challenge’ effects (Fraser Darling 1952;
Wingﬁeld et al. 1990; Smith 2004; Peake 2005). Males of
many species trade off beneﬁts of gaining extrapair pater-
nity in neighbouring territories against the risk of losing
paternity to other males during their absence (Petrie &
Kempenaers 1998). The degree of breeding synchrony,
that is, the proportion of females that is reproductively ac-
tive at the same time (Bjo¨rklund & Westman 1986; Kem-
penaers 1993), might be a driving force behind variation
in the level of extrapair paternity. However, intraspeciﬁc
studies have produced mixed evidence for this idea (Ims
1990; Grifﬁth et al. 2002). An intriguing possibility is
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both males and females modify the degree of breeding
synchrony in a frequency-dependent manner.
Breeding partners typically coordinate their schedules.
Female schedules were advanced by playback of male song
in the laboratory and the ﬁeld (e.g. Bentley et al. 2000;
Mota & Depraz 2004). In experimental studies, the impor-
tance of social cues for reproduction differed between the
sexes. Whereas males reached full reproductive state when
kept individually, females often required mates for com-
plete gonadal activation (Wingﬁeld & Marler 1988; Wing-
ﬁeld et al. 2000). Male reproductive development was
none the less enhanced and accelerated by females (e.g.
Gwinner 1975; Tramontin et al. 1999; Wingﬁeld & Sil-
verin 2002). Males tended to have longer time windows
for reproduction and accommodated to females, which
gave the start signals for pair coordination. Crossbreeding
of goose species with different schedules had marked ef-
fects on the onset of breeding in males but not females
(Davies et al. 1969). Male but not female song sparrows
modiﬁed breeding schedules when their mates were
manipulated by sex steroid implants: males elevatedsex-steroid levels and delayed moult by a month in re-
sponse to prolonged sexual solicitation by oestradiol-
treated females (Runfeldt & Wingﬁeld 1985; Ketterson
et al. 2001). However, pair synchronization differs bet-
ween species, possibly in relation to the social system
(Runfeldt & Wingﬁeld 1985; Hahn et al. 1997). In shel-
ducks, Tadorna tadorna (Du¨ttmann et al. 1999), testoster-
one implants in males delayed their moult as well as
that of their female partners. In contrast, gonadal and
moult cycles of captive African stonechats were unaffected
by the presence of a mate (Gwinner et al. 1995). Finally, in
European starlings availability of nestboxes appeared to
inﬂuence male reproductive schedules more than did the
presence of a mate (Gwinner 1975; Gwinner et al. 2002).
Feedback processes between mates have been thor-
oughly documented (e.g. Lorenz 1935; Tinbergen 1953;
Lewis & Orcutt 1971; Wingﬁeld & Marler 1988; Black
1996a; Wachtmeister 2001). In addition to visual displays,
this coordination can involve interactive vocalization, not
just in duetting species, but also during the dawn chorus
(Ball & Balthazart 2001; Gil & Gahr 2002; Riebel 2003;
Gorissen & Eens 2004; Hall 2004). Feedback between
REVIEW 253mates often results in close synchronization between ovu-
lation and male advertising and mate guarding (Moore
1982; Wingﬁeld et al. 2000). Females should determine
the precise time of breeding, accounting for state and
year-to-year differences in environmental conditions,
because their reproductive schedules are often limited
by resource availability (Wingﬁeld 1980; Moore 1982;
Stevenson & Bryant 2000; Chastel et al. 2003; Drent
et al. 2003). Once clutches are laid, exposure to eggs and
begging chicks can trigger parental behaviour and thereby
affect and synchronize parental schedules (Wingﬁeld &
Farner 1979; Davis 1988; Lea et al. 1997). These studies re-
fer to ‘typical’ avian sex roles with male-biased territorial
and competitive behaviour. It is not clear whether results
can be generalized to species in which females take the
lead in competition for mates and territories (e.g. Wing-
ﬁeld & Silverin 2002; Goymann & Wingﬁeld 2004b).
Field data point to considerable beneﬁts of temporal
coordination between breeding partners. Earlier laying
among birds with long-term pair bonds is common in
waterfowl and seabirds (Black & Owen 1995; Black 1996a,
b; Black et al. 1996) and has also been reported in passer-
ines (McGraw & Hill 2004). Advantages of temporal
coordination are suspected to be a driving factor for main-
taining monogamy, especially in unpredictable environ-
ments (Miller 1962; Immelmann 1971; Black 1996b;
Hahn et al. 1997). Davis’s (1988) research on Ade´lie pen-
guins, Pygoscelis adeliae, revealed the highest breeding suc-
cess among well-synchronized pairs, while divorce rate
was highest among birds with uncoordinated routines.
Davis suggested that the penguins mated assortatively to
synchronize their schedules (cf. Bearhop et al. 2005).
Moult
Although not commonly considered a social activity,
moult also occurs in social contexts. Many species assem-
ble for moult, sometimes after long migrations to special
sites. Moult aggregations can be formidable (Piersma
1987; Jehl 1990; Jehl et al. 2003), but little is known of
their behavioural ecology and whether they accrue social
beneﬁts. Birds may gather to capitalize on abundant
food and to reduce predation risk (Piersma et al. 1988;
Jehl 1990; Du¨ttmann et al. 1999), especially during ﬂight-
less periods. Great crested grebes, Podiceps cristatus, ﬂock
for wing moult but are otherwise territorial. An odd simul-
taneous change of ornamental head feathers, used in dis-
play, suggests that, in this species, social interactions do
play a role during moult aggregrations (Piersma 1988).
Reproductive events exert strong inﬂuences on moult
timing. Passerines, which in seasonal habitats tend to
avoid overlapping activities, often delay moult when
breeding late in the year. Delays can increase with parental
effort. The costs of such compromised schedules appear to
counteract synchronization among breeding partners
and can become subject to sexual conﬂict (e.g. Newton
1966; Siikama¨ki et al. 1994; Nilsson & Svensson 1996;
Hemborg & Lundberg 1998; Hemborg & Merila¨ 1998;
Slagsvold 1999; Dawson et al. 2000; Norris et al. 2004b).
Whereas late-breeding females often delay moult whileprovisioning chicks, males tend to initiate moult on
time and sometimes desert nestlings (Ezaki 1988). How-
ever, fathers contributing to nestling care tend also to
postpone or extend moult (Morton & Morton 1990; Nor-
ris et al. 2004b). Delayed moult of late-breeding and re-
nesting birds has been attributed to inhibitory effects of
sex steroids. Sex steroids could be boosted by cues from
clutches but also from mates, as suggested by studies
done in the context of breeding (Runfeldt & Wingﬁeld
1985; Du¨ttmann et al. 1999). Delays also result from re-
source constraints (Morton & Morton 1990; Hahn et al.
1997; Borras et al. 2004). Synchronization within families
can be pronounced in species with extended brood care.
In the barnacle goose, Branta leucopsis, timing of wing
moult is synchronized between breeding partners so that
both pair members regain ﬂight at the same time (Larsson
1996; Du¨ttmann et al. 1999). This correlation is weaker in
pairs that reared young, perhaps because carry-over effects
of breeding differ between the sexes. In Arctic populations
of barnacle geese, wing moult is timed so that parents re-
gain ﬂight precisely when their offspring ﬂedges. How-
ever, this synchronization has broken down in a recently
established southerly population, because breeding has
advanced more than wing moult (Larsson 1996; Loonen
1997).
Social interactions are thought to select for the timing
of prenuptial moult, during which dichromatic species
change into breeding plumage (Figuerola & Jovani 2001;
Wingﬁeld & Silverin 2002). Breeding plumages signal to
competitors and prospective mates alike and should there-
fore evolve as a compromise between social beneﬁts and
costs (e.g. Thompson 1991; Berggren et al. 2004). Proxi-
mately, bright nuptial plumages may depend on a bird’s
state and could therefore contribute to honest signalling
(e.g. Peters et al. 2000; Piersma et al. 2001; Wingﬁeld &
Silverin 2002; Hill 2002). Dhondt (1973) suggested
a trade-off between moult and territorial defence in the
autumn. Great tits may have to choose between establish-
ing a winter territory ﬁrst or moulting ﬁrst. A late moult
may accrue costs, including shorter wings, but failure to
attain a territory may threaten winter survival. The tits’
moult schedules may therefore be negotiated in competi-
tive interactions over territory ownership.
Migration
Social interactions strongly affect migratory schedules.
Many species are sociable during migration even if they
are otherwise highly territorial. Some tolerate conspeciﬁcs
during ﬂight phases but not at staging grounds (e.g.
Rappole &Warner 1976; Rappole 1995; Chan 2005). How-
ever, even solitary migrants use social cues, for instance
conspeciﬁc and heterospeciﬁc attraction to stopover sites
and destinations (Rappole 1995; Danchin & Wagner
1997; Forsman et al. 2002; Hahn & Silverman, in press).
Sociable migrants have inspired theoretical approaches
to communal decision making and information pooling
(Wallraff 1978; Conradt & Roper 2003, 2005; Simons
2004; Couzin et al. 2005). Flocking for migration may
enhance orientation and performance (Hamilton 1967;
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duce ﬂight costs (Lissaman & Shollenberger 1970; Badg-
erow & Hainsworth 1981; Cutts & Speakman 1994;
Andersson &Wallander 2004). Flocking species sometimes
display preﬂight signalling before initiating migration
(e.g. Raveling 1969; Black 1988). Synchronized round
ﬂights and intense vocal activity precede and accompany
the departure of shorebirds for long-distance ﬂights,
which they undertake in highly structured formations
(Piersma 1983; Piersma et al. 1990). That these displays
may act to recruit and synchronize population members
is suggested by the observation that shorebirds departed
from a coastal site in bigger ﬂocks when more birds of sim-
ilar size and shape (mostly conspeciﬁcs) were available
(Piersma et al. 1990). This observation is consistent with
the hypotheses that advantages of ﬂying in large ﬂocks en-
courage synchronization and that with increasing dissim-
ilarity, synchronization costs may offset beneﬁts (Conradt
& Roper 2003, 2005).
Family inﬂuences on migration schedules are pervasive.
In species with extended brood care, especially waterfowl,
parents actively determine the time course of migration of
their offspring. Migratory itineraries are thus culturally
transmitted, backed by endogenous programmes (e.g. Rees
1989; Sutherland 1998; Chernetsov et al. 2004). In species
with long-term pair bonds, closely coordinated arrival of
the partners favours early laying (Lewis & Orcutt 1971).
Coordinated arrival can be achieved by travelling together.
For example, in several goose species, males and females
pair on the winter grounds. The male then accompanies
his mate to her natal colony and accommodates to local
conditions (Rockwell & Cooke 1977; Rohwer & Anderson
1988). Males, in turn, inﬂuence autumn migration (Rees
1987). Coordinated arrival also occurs in species where
the sexes differ in migration and wintering (Davis 1988;
Black 1996a, b). Male black-tailed godwits, Limosa limosa
returned slightly before females, but arrival dates of mates
were closely correlated (Gunnarsson et al. 2004). Identi-
ﬁed pairs had wintered on average almost 1000 km apart
and were never observed together on migration. The
mechanisms by which these pairs coordinate arrival are
unknown, but endogenous programmes are almost cer-
tainly involved. Coordinated arrival could be based on
prior synchronization preserved by accurate time keeping.
Mates could also have inherently similar time pro-
grammes, possibly through assortative mating (Davis
1988), as recently shown in the blackcap, Sylvia atricapilla
(Bearhop et al. 2005).
Competition and dominance are thought to inﬂuence
migratory behaviour and distance. Differences in distance,
in turn, affect seasonal schedules: longer journeys are
typically associated with later arrival on the breeding
grounds. In partially migrating species, only some individ-
uals leave the breeding grounds. Individual differences
may result from competition, such as for winter territories,
by which dominant birds force subordinates to (e)migrate
(Lack 1943e1944; Kalela 1954; Gauthreaux 1978;
Ketterson & Nolan 1983; Adriaensen & Dhondt 1990;
Schwabl & Silverin 1990). Similarly, in differential mi-
grants, population members travel over various distances,
and subordinates may have to ﬂy further than dominants.These ideas have been proposed because migrant propor-
tions and migration distances are often higher among
presumably subordinate birds, that is, in younger birds, in
the subordinate sex and in late-hatched young (Lack
1943e1944; Gauthreaux 1978; Adriaensen & Dhondt
1990; Schwabl & Silverin 1990). However, differences
between populationmembers can often be alternatively ex-
plained by migration programmes, developmental pro-
cesses and differences in state (Ketterson & Nolan 1983;
Schwabl & Silverin 1990; Holberton 1993; Berthold 2001;
Drent et al. 2003).
Direct evidence for dominance effects on migration
schedules comes from observations of individuals and
experimental approaches. Removal experiments showed
that American redstarts, Setophaga ruticilla, overwintering
in superior territories built up greater fat reserves and de-
parted for return migration earlier in the spring (Studds
& Marra 2005). Staging territories of northern water-
thrushes, Seiurus noveboracensis, were also vigorously de-
fended (Rappole & Warner 1976): birds that obtained
feeding territories continued their stopover whereas those
that did not moved on. Similarly, captive migrants in-
crease Zugunruhe when food is scarce (Biebach 1985). In
dark-eyed juncos, this behaviour, interpreted as a readiness
to resume migration, can be triggered by dominant con-
speciﬁcs (Terrill 1987). However, dominance may depend
on state. Moore et al. (2003) found that in captive migrant
red-eyed vireos, Vireo olivaceus, dominant birds controlled
access to food. However, when subordinates were starved,
they were able to secure the greater share of food. These
examples show that competition and conﬂict can affect
the progress and timing of migration.
PROSPECTS FOR THE STUDY OF SOCIABLE
SCHEDULES
Sociable schedules are ubiquitous but largely unstudied.
Technological and conceptual advances promise exciting
progress in future research. Ecological studies can beneﬁt
from rapidly developing animal-tracking methods. As
transmitters become increasingly smaller and more afford-
able, and as geographical information technology gets
more reﬁned, we may soon be able to track social
behaviour over time. For example, ﬂock size and cohesion
can change considerably during migration and wintering,
presumably related to costs and beneﬁts such as intraspe-
ciﬁc competition and predator detection (e.g. Myers 1983,
1984; Piersma et al. 1990, 1993; Whitﬁeld 2003). Radio-
tracking of individuals over time can relate birds’ social ac-
tivities to changes in potentially relevant environmental
factors (e.g. Warnock & Takekawa 2003). A long-term
perspective of such studies could include interspeciﬁc
comparisons to identify key factors in the evolution of so-
ciable schedules. Our knowledge is still mostly deﬁcient
about many potentially involved factors (Ims 1990). Par-
ticular questions, such as temporal aspects of song learn-
ing and sustained partnerships (Black 1996a, b; Ens et al.
1996; Beecher & Brenowitz 2005), are already suitable
for comparative analyses, and models for communal
REVIEW 255decision making apply to migratory birds (Conradt &
Roper 2003, 2005; Simons 2004; Chan 2005; Couzin
et al. 2005).
In ecophysiology, ﬁeld endocrinology could further
elucidate interactions between social and seasonal behav-
iour. Hormones set the stage for seasonal behaviour and
mediate effects of conspeciﬁcs and environmental factors
on schedules (e.g. Wingﬁeld & Marler 1988; Landys-Cian-
nelli et al. 2002; Wingﬁeld & Silverin 2002). Understand-
ing cues for seasonal timing is incomplete without
considering the physiological mechanisms that determine
and possibly constrain avian responses (Gil & Gahr 2002;
Ricklefs & Wikelski 2002; Piersma 2002a). This realization
is fuelling an interest in combining ecological and endo-
crinological approaches. New methods in ﬁeld endocri-
nology, if validated, could offer new research avenues
(e.g. Hiebert et al. 2000; Altmann & Altmann 2003; re-
viewed in Bauchinger et al. 2005).
The ﬁeld of ecological genetics (e.g. Conner & Hartl
2004) is also providing new opportunities. Sampling
methods now offer techniques to assess kin relationships
(Piertney et al. 2000), and quantitative genetic tools
have become suitable for the study of inheritance in
wild populations (Merila¨ & Sheldon 2001; Pulido & Bert-
hold 2003; Sheldon et al. 2003; Kruuk 2004; Nakagawa
& Waas 2004). These developments help to approach
the evolution of sociable schedules from two sides. Molec-
ular sampling can detect kinship patterns of temporal be-
haviour and quantitative methods can estimate its genetic
control and evolvability. Together, these techniques allow
researchers to approach the evolution of timing in social
contexts. Contributions of endogenous programmes can
be contrasted with learning and, in some species, culture.
For example, the relative importance of prolonged paren-
tal care for the cultural transmission of schedules is poorly
understood. The relative contributions of genes and cul-
ture can be disentangled by cross-fostering and its natural
counterparts, intraspeciﬁc brood parasitism and adoption.
These processes occur widely in species with prolonged
parental care, notably waterfowl (e.g. Forslund & Larsson
1995; Andersson & A˚hlund 2000). Distinguishing
between genetic offspring and foster chicks will improve
estimates of both the heritability of timing and the
importance of cultural transmission. Furthermore, the in-
ﬂuences of heritable endogenous rhythms and social stim-
ulation meet where related birds maintain close spatial
proximity. Although beneﬁts of spatial aggregations have
been extensively studied, possible synchronization by
breeding close to relatives, to our knowledge, has not
been investigated. If closely related individuals have simi-
lar endogenous programmes, kin clustering would be
accompanied by synchronization and could thereby
accelerate evolutionary adjustments of timing.
Studies of sociable schedules can contribute to urgent
questions in behavioural and ecologial research. Quickly
changing global environments raise concerns about
whether organisms can accommodate their behaviour.
Changes in phenology, for example earlier springs, may
be detrimental to correct timing (Visser et al. 1998; Visser
& Lambrechts 1999; Hughes 2000; Walther et al. 2002).
Social information could enhance the speed and extentof such adjustments. Social learning has received much at-
tention and has been shown to be important, especially in
birds (reviewed in Galef & Heyes 2004; Beecher &
Brenowitz 2005). Effects of time-sense learning (Zeitge-
da¨chtnis, DeCoursey 2004), combined with information
transfer, on the ability to adjust to environmental change
are largely unexplored. Conceivable ways by which birds
can culturally transmit changing schedules rest on their
active communication of calendars. For example, blue
tits partly compensated for mistimed breeding in relation
to the food peak by learning from experience obtained in
the previous year (Grieco et al. 2002). Tits actively vocalize
their breeding disposition, so their learning achievements
could be rapidly conveyed to conspeciﬁcs. Whether con-
speciﬁcs make use of such information partly depends
on the rigidity of their endogenous programmes and on
mechanisms driving reproduction. In more sociable spe-
cies, ‘family traditions’ are likely to shape behaviour in
largely unknown ways (van der Jeugd et al. 2002; Danchin
et al. 2004; Komdeur et al. 2004; Nakawaga & Waas 2004).
Sociable long-distance migrants such as geese and shore-
birds are therefore intriguing study subjects for adjust-
ments to global change. Cultural transmission may have
already helped migrants establish itineraries to newly
available staging and wintering areas (Sutherland 1998).
Another emerging central theme in behaviour and
ecology, the use of information (e.g. Danchin et al.
2004; Couzin et al. 2005; Dall et al. 2005), can beneﬁt
from considering sociable schedules. Research has focused
on spatial patterns and largely ignored time, despite ac-
knowledging that anticipation of environments is crucial.
Space and time are complementary dimensions, however,
that together determine the success of behaviour. For in-
stance, beneﬁts of aggregation depend on the ability of an-
imals to coordinate their schedules (Conradt & Roper
2003, 2005). Birds prospecting for territories visited
them at times of particularly high information content
(Boulinier et al. 1996; Doligez et al. 2003). Prospectors
were apparently aware of schedules and may have col-
lected temporal information along with spatial cues.
Time-constrained birds, on the other hand, are thought
to spend little time on collecting information (e.g. Alatalo
et al. 1988; Reed et al. 1999; Veen et al. 2001). The value of
social information may thus be strongly affected by the
temporal context of its availability and collection (Doligez
et al. 2003; Chan 2005). Consideration of timing could
enrich the study of information use in several ways. On
the one hand, temporal behaviour differs from spatial be-
haviour by its physiological organization. Theories based
on ideal free decisions may therefore be limited in ex-
plaining timing mechanisms, such as rigid calendars and
carry-over effects on schedules. On the other hand, inclu-
sion of timing cues adds another dimension to social in-
formation and could reveal a greater functional context
of behavioural interactions. Interactions between space
and time could be included in emerging concepts and
models of animal decisions (e.g. Couzin et al. 2005; Dall
et al. 2005; but see Conradt & Roper 2005).
Studying sociable schedules is timely and can enrich the
study of animal behaviour. Chronobiological studies can
also proﬁt from an inclusion of social behaviour. Social
ANIMAL BEHAVIOUR, 72, 2256modulation offers mechanisms that allow individually
hard-wired time programmes to function efﬁciently in the
communal context of free-living animals. Animal behav-
iour, in turn, could gain a better understanding of rigid
and plastic social behaviour, of adjustments to changing
temporal conditions, of the relative importance of genetic
and cultural inheritance and of scopes and limits of social
information use.
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